In 1907 Osler' first spoke of an association between obesity and "an uncontrollable tendency to sleeplike the fat boy in Pickwick." Nearly 50 years later Auchincloss et al,2 and Burwell and associates,3 directed attention to the association of sleep-related respiratory dysrhythmia and obesity. Subsequently many reports of sleep apnoea syndrome with4-"1 and without6 7 9 obesity appeared. When sleep apnoea is associated with an underlying cause, such as brain stem affection,'2 disorder of the neuromuscular apparatus of respiration,'3 structural lesion of the upper airway,14 or chronic obstructive lung disease,'5 it is termed secondary sleep apnoea syndrome. When no cause is found, the term primary sleep apnoea syndrome seems appropriate.
Three types of sleep-related respiratory dysrhythmia have been described:5 7 (1) central apnoea with suppression of diaphragmatic and intercostal muscle activity and absence of air exchange through the nose or mouth, (2) upper airway obstructive apnoea during which there is no air exchange detected by the oronsasal thermistors, but the diaphragmatic and intercostal muscle activities persist, and (3) mixed apnoea during which there is an initial period of central apnoea followed by a period of upper airway obstructive apnoea before resumption of regular breathing. Despite numerous publications the pathogenesis of the sleep apnoea syndrome obesity was the primary factor causing hypoventilation, initially only during sleep but later even in wakefulness. Since The tilt table study showed no orthostatic hypotension after tilting the table upward for 10-1 5 minutes; heart rate increased normally in the erect posture. The cold pressor test produced a normal rise of blood pressure and heart rate during the period of cold stress. The Valsalva ratio was normal. In summary, the results failed to show any functional abnormality of the baroreceptor reflex arc. Plasma renin activity was normal in the supine position and rose normally in the erect posture.
Discussion CLINICAL ASPECTS
All patients exhibited characteristic clinical features of the sleep apnoea syndrome.4-7 9-11 These features and the polygraphic findings of absence of sleep onset REM clearly differentiate these patients from those with the narcolepsy syndrome. The incidence of obesity (61 %; table 1) in our series is higher than that reported in the Stanford series.6 Weight reduction in four individuals (cases 7, 10, 14, 18) was associated with considerable symptomatic relief and reduction in the number of apnoeas during repeat polygraphic study, but periodic central apnoea persisted. However, improvement following tracheostomy (case 11) suggests that upper airway obstruction plays a major r6le in the production of symptoms.6 23 The incidence of hypertension (table 1) in our series is less than that reported by others. 6 What is the cause of excessive daytime somnolence in sleep apnoea patients? It has been suggested7 that disturbed nocturnal sleep resulting from repeated arousals associated with recurring apnoeic episodes and oxygen desaturation is responsible for daytime hypersomnolence. Amelioration of symptoms after tracheostomy,6 23 which prevents periodic upper airway obstruction during sleep, supports this suggestion. However, Orr et al24 found no significant difference in the number of airway obstructions in symptomatic and asymptomatic sleep apnoea patients. The disappearance of daytime somnolence after tracheostomy,6 23 EEG signs of sleep usually preceded cessation of breathing, and so apnoea was related to sleep. The simultaneous occurrence of EEG arousals and resumption of breathing suggests a common mechanism, such as a critical level of oxygen desaturation as indicated by the ear oximeter recordings. Sometimes EEG changes preceded resumption of normal breathing implying that the structures responsible for EEG arousals were more sensitive to hypoxia than the respiratory neurons. However, on several occasions the period of apnoea was brief and accompanied by mild oxygen desaturation (a difference of less than 10%) and so the resumption of breathing and EEG arousal could not always be related to hypoxia. It was suggested by Krieger and Kurtz26 that during obstructive apnoea proprioceptive stimuli from respiratory muscles resulting from ineffectural respiratory movements may be responsible for EEG arousals.
Apnoeas have been noted in normal individuals28 during both non-REM and particularly REM sleep, but the brevity and infrequent occurrence of the episodes, and the lack of excessive daytime somnolence differentiate these apparently normal individuals from sleep apnoea patients.
PATTERN OF BREATHING
Our polygraphic findings confirm the existence of central, obstructive and mixed apnoeas (figs 1-6) in these patients.5 9 910 The mean duration of obstructive or mixed apnoea was longer than that of central apnoea. Our findings of a purely central apnoea in one (case 12), purely obstructive in one (case 14) and predominantlycentral apnoea in 10 patients (table 2) differ from those reported by others.7 In most of the previous reports7 upper airway obstructive apnoea 978 was the predominant abnormality in sleep apnoea patients. In the present study approximately 50% of the total apnoea time was central.
It is noteworthy that in a previous communication'0 based on the respiratory magnetometer study of sleep apnoea patients, we reported that 81°% of all apnoeic episodes was purely obstructive. This apparent discrepancy between the two series may have been related to the fact that in the previous study'0 a greater percentage of patients had all night recordings. The predominance of central apnoea in the present study may be due to the fact that we performed diurnal rather than nocturnal polygraphic recordings. As indicated above a comparison of the daytime and all night polygraphic data in cases 7-9 would tend to support this suggestion. Lugaresi et al"l and Kurtz and Krieger29 also stated that central apnoeas were more abundant during daytime than during nighttime recordings.
GENIOGLOSSAL AND OTHER OROFACIAL EMG IN SLEEP APNOEA PATIENTS
There is increased genioglossal activity'0 17 during inspiration and protrusion of the tongue forward (figs 1-6). On the other hand, negative intrathoracic pressure during inspiration would tend to pull the tongue backward toward the oropharynx. A disturbance of this balance between forward and backward forces (for example during genioglossal hypotonia) may promote upper airway obstructive apnoea. 8 We found a general inhibition of tone not only in the genioglossus and pharyngeal muscles but also in many other muscles innervated by pontomedullary neurons during central, obstructive and mixed apnoeas (figs 1-6). We observed phasic inspiratory bursts in addition to the tonic activities in the EMG not only of the intercostal, sternocleidomastoid and genioglossus but also of the palatopharyngeal, orbicularis oris, mentalis and submental muscles. Apparently, the motor neurons of all the above muscles seem to receive an automatic respiratory drive during inspiration. It has been suggested recently9 30 The voluntary respiratory control system is thought to be involved in the control of breathing during REM sleep,34 43 although there is no direct evidence to support this notion. Respiration is virtually unaffected by vagal stimuli in REM sleep.34 4 Hence active inhibition of inspiration by vagal stimuli cannot be responsible for apnoea in REM sleep, but increased vagal action may still be causing relative bradycardia in apnoea.34 43 The termination of apnoea may still be due to hypoxic stimuli because hypoxic chemosensitivity is intact during REM sleep.34 43 The presence of apnoea in both non-REM and REM sleep in our patients implies that both the respiratory control svstems (voluntary and automatic) are somehow implicated. These two systems are closely interrelated in the lower brainstem and functionally integrated in the upper cervical spinal cord'8 47-49 and a dysfunction in these regions might cause sleep apnoea syndrome. Structural lesions in these areas are known to cause sleep apnoea.7 12 49 Finally, Phillipson°°suggested that a defect in the cortical arousal system may play a r6le in the sleep apnoea syndrome. Bowes and Phillipson5l provided experimental data in sleeping dogs to indicate that following brief periods of sleep fragmentation the arousal, ventilatory and airway responses to laryngeal stimulation were impaired. The presence of prolonged periods of apnoea accompanied by profound arterial desaturation in our patients with obstructive and mixed apnoeas may indicate an associated defect in the arousal system as suggested by Phillipson.50 On the other hand, the presence of many brief episodes of apnoea and mild arterial desaturation would suggest intact cortical arousal system. 
